A study was conducted at the National Semi-Arid Resources Research Institute-Serere, Uganda for three seasons (2013 short rains, 2014 long rains and 2014 short rains) to investigate the effect of crop residues and animal manure on soil bulk density (SBD), soil moisture content (SMC) and water use efficiency (WUE) of sesame. The experiment was laid out in a randomized complete block design with three replications. The treatments comprised: control, 4 crop residues, 2 animal manures and combinations of 2 animal manures and 4 crop residues all applied at two rates of 3 and 6 t/ha. Plots treated with 6 t/ha of millet husks produced the highest SMC (37.46%) and lowest SBD (1.1717 g/cm 3 ) across seasons; while plots treated with 3 t/ha of millet husks produced the highest WUE of sesame (9.92 kg ha -1 mm -1 ) across seasons compared with other crop residue and animal manure treatments applied singly. Soil moisture content was highest (38.09%) and SBD lowest (1.0520 g/cm 3 ) across seasons in plots treated with 6 t/ha of poultry manure plus millet husks; while plots amended with 3 t/ha of poultry manure plus millet husks produced the highest WUE of sesame (9.40 g/cm 3 ) across seasons compared with other treatments. Crop residues influenced SMC and SBD in the order; millet husks > cowpea husks > sorghum husks > groundnut shells. Crop residues affected WUE of sesame in the order; millet husks > sorghum husks > groundnut shells > cowpea husks. This study has demonstrated that poultry manure plus millet husks have a potential to enhance WUE of sesame.
Introduction
Sesame (Sesamum indicum L.) is cultivated in north eastern Uganda (NEU) as a food security and income crop, unfortunately its yields have greatly declined due to poorly distributed rain coupled with low soil water retention (FEWSNET, 2005) . Yields as low as 400 kg/ha have been reported in farmers' fields compared with a potential yield of 2250 kg/ha (Anyanga et al., 2003) . Some areas in NEU receive annual rainfall of up to 1500 mm but poorly distributed (FEWSNET, 2010) . Inadequate rains cause reduced availability of soil water for crop growth and conversion to biomass and yield (Herwaarden, 2001; Abbate et al., 2004) . Low soil moisture impedes organic residue decomposition and this coupled with low plant biomass results in little organic matter accumulation (Ekaya, 2007) . Consequently, the soils remain poor with low moisture retention contributing to persistently low crop yields. However, north eastern Uganda has large quantities of crop residues and animal manure that can be applied on soils to improve their soil physical properties and sesame productivity.
Crop residues and animal manure are a potential source of organic matter in soils. Essentially, the presence of organic matter in soils is responsible for improved chemical and physical properties of the soil through mineralization and gelation of soil particles. Consequently, organic matter influences soil stability and water infiltration which are a prerequisite for soil water storage (Brady et al., 2009) . Soil organic matter indirectly affects some of the plant and soil aspects important in plant growth like soil bulk density, soil moisture content and crop water use efficiency (Weil et al., 2009 ).
Soil bulk density (SBD) is an indicator of soil compaction and soil health. It affects infiltration, root penetration, available soil moisture capacity, soil porosity, plant nutrient availability, and soil microbial activity (Skousen, 2011) . It is expressed as the weight of dry soil per unit of volume usually expressed in grams/cm 3 (Brady et al., 2002) . Soil bulk density affects plant growth by influencing soil strength and soil porosity. Increase in SBD reduces soil strength and porosity and the reverse occurs when it decreases. Changes in SBD depict changes in soil structure due to the relationship that exists between SBD and total porosity. Therefore, soil bulk density can be used to monitor soil quality as an indicator of both soil structure and soil strength (Doran et al., 1994; Reichert., 2009) . Fundamentally, SBD affects Soil Moisture Content (SMC) and its availability and accessibility to plants (Sato et al., 2015) . Due to the relationship between SBD and soil porosity, it is possible to improve SMC by manipulating the level of organic matter in soil by applying organic matter rich amendments (Rivenshield et al., 2007) .
Soil moisture content is an important soil aspect that is influenced by soil physical conditions like porosity (Tarboton, 2003) . It can be expressed gravimetrically as weight of soil water per unit weight of dry soil (DeAngelis, 2007) . The extent of rain water infiltration in the soil determines the level of available soil moisture at the root zone and this is dependent on soil porosity and SBD (Sato et al., 2015) . Soils with high SBD values tend to be less porous and therefore store water for longer periods than soils with low SBD (Archer, 2006; Khalid et al., 2014) . Soil moisture content is influenced by the force with which water is held in the soil referred to as tension and is measured in bars (Brady et al. 2002) . Decrease in water content decreases soil water potential (Zou, 2001) . Availability and the ease with which plants can access soil moisture at the root zone determine their efficiency in its use (Ebaid, 2007) . The amount of organic matter in soil affects its ability to retain moisture and allow for infiltration (Sarwar et al., 2008; Yongxia et al., 2013) . Therefore, applying soil amendments with high levels of organic matter would most likely improve SMC since it is directly affected by soil organic carbon which is a main component of soil organic matter (Parajuli, 2013) . The extent of SMC influences crop WUE, optimum SMC results in optimum crop WUE (Hochman, 2009 ).
Crop water use efficiency, defined as the efficiency with which an individual crop converts water transpired to grain, is influenced indirectly by soil physical conditions (Doherty et al., 2010) . Crop WUE is premised on; the soil's ability to absorb and store water, the ability of the crop to access water stored in the soil during the season, ability of the crop to convert absorbed water into biomass and ability of the crop to convert biomass into grain (Carvalho et al., 2016) . The fact that the amount of organic matter in the soil affects SMC implies that increasing organic matter levels in the soil would most probably increase crop WUE (Fan et al., 2005) . High contents of organic matter in crop residues and animal manure provides them with the potential to influence soil physical conditions and crop water use efficiency (Surekha et al., 2003) . Consequently, incorporation of crop residues and animal manure in low fertility soils of north eastern Uganda has a potential to enhance crop production (Nakyagaba et al., 2005) . However insufficient information exists regarding effect of the existing crop residues and animal manure on SMC, SBD and sesame productivity. Subsequently, a study was conducted to evaluate the effect of applying crop residues and animal manure on SMC, SBD and crop WUE of sesame.
Materials and Methods

Description of Experimental Site
Weather Conditions at the Experimental Site
This study was conducted at the National Semi-Arid Resources Research Institute (NaSARRI)-Serere, Uganda. NaSARRI is located at 0 o 32′N and 35 o 27′E at 1128 meters above sea level. The site experiences an average annual minimum temperature of 17.9 o C and a maximum temperature of 29.4 o C. It receives an average annual rainfall of 1000 mm with a bimodal distribution. The relative humidity ranges between 72% and 84%. The months of January to February and June to July receive little precipitation. However, the months of March to May and August to November are generally wetter with significant precipitation (Figure 1) . Figure 1 . Meteorological data at the experimental site 2.1.2 Soil Properties at the Experimental Site Soils at the experimental site are mainly sandy with low organic matter content and are classified as petric plinthosols, although they have traces of soils classified as gleysols and vertisols (Aniku, 2001) . Chemical analyses of the soils at the experimental site revealed that they are predominantly sandy silt loams in texture with a pH ranging between 5.10 and 5.40. The low soil pH can be attributed to a low level of Ca (3.13 me/100 g) compared with the critical value of 4 me/100 g and over use of chemicals over time. The amount of organic carbon is low; it ranges between 1.8 and 2.3% compared with the critical value of 6%. These soils are also low in P (9.74 ppm) and Na (0.48 me/100 g) compared with their critical values of 15 ppm and 1.01 me/100 g respectively. However, these soils are quite high in Mg (0.71 me/100 g) and K (0.67 me/100 g) compared with their critical values of 0.50 me/100 g and 0.20 me/100 g respectively (Table 1; Heckman., 1914; Mehlich., 1984; Lorry et al., 2003) . 
Treatments
Animal manure and crop residues were mixed in equal proportions of 1:1; 1 part of animal manure: 1 part of crop residue. Both crop residues and animal manure were analyzed for chemical elements before they were applied on experimental plots.
Chemical Composition of Crop Residues and Animal Manure Used
Organic carbon, C/N ratio and nutrients in crop residues and animal manure occurred in the following ranges; N (1.80-4.44%), Organic carbon (30.84-36.28%), P (0.07-1.02%), K (0.33-1.13%), Ca (0.11-1.24%), Mg (0.12-2.44%) and C/N ratio (8.13-11.59%).
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Experimental Design and Crop Husbandry
Experimental Design
The treatments (Table 2) were laid out in a randomized complete block design and replicated three times. Each experimental plot measured 4 m × 4 m. Sesim II Sesame crop variety was used in this study. It is highly branching with an average height of 100 cm and a maturity period of 90 days. Six seeds were planted per hill at inter and intra row spacing of 30 cm and 15 cm respectively. The crop was then thinned out to one plant per hill at three weeks after planting. The crop was hand-weeded three times before it was harvested.
Data Collection
Soil Bulk Density
Bulk density was measured using the core method (Blake & Hartage, 1986) . In this method, cylindrical soil core samplers of 8 cm height and 5 cm diameter were used for collection of samples. Soil cores were taken from different plots having different treatments. Soil bulk density was then calculated as follows:
SBD (grams/cm 3 ) = Mass of soil Volume of soil
Soil Moisture Content
The gravimetric method was used to determine soil moisture content (DeAngelis, 2007) . Soil samples measuring 100-200 g were collected from each of the experimental plot. The soil samples were placed in an air tight container of known weight (tare) and then weighed. The sample were then put in an oven and heated at 105 o C for 24 hours. The moisture content was then calculated as the difference between the weights of the wet and oven dried samples and then expressed as a percentage of the original soil sample as shown below: Sesame crop yield was determined by harvesting the crop at physiological maturity from an area of 4 m 2 in each experimental plot. This was used to calculate crop yield in kg/ha. Estimated water used by the crop during the growing season was determined by measuring the initial amount of water stored in the soil at the start of the crop growing season and the amount of rainfall during the crop growing period; this is equivalent to amount of water supplied to the crop during growing period. The amount of water stored in the soil at the end of the crop growing season was also measured. The difference between the initial soil water and soil water at the end of growing season plus the rainfall was calculated to obtain crop water use. WUE was then calculated using the above equation where measured water used by the crop was equivalent to water lost through evapo-transpiration.
Data Analysis
Data on SBD, SMC and WUE of sesame were subjected to analysis of variance (ANOVA) using Genstat statistical package; where the ANOVA gave significant F values, means were compared using the least significant difference (LSD) test at P ≤ 0.05.
Results
Soil Moisture Content (SMC) as Influenced by Crop Residues, Animal Manures and Their Combinations
Application of crop residues and animal manure singly or in combination significantly (P < 0.05) increased SMC across the seasons (Tables 3a, 3b and 3c). Plots treated with 6 t/ha of millet husks produced significantly (P < 0.05) higher SMC (29.18%, 37.46% and 33.49%) in 2013 SR, 2014 LR and 2014 SR respectively compared to other crop residue treatments (Table 3a) . Plots treated with 6 t/ha of poultry manure produced significantly (P < 0.05) higher SMC (29.20%, 36.13%and 30.61% in 2013 SR, 2014 LR and 2014 SR respectively compared to other animal manure treatments (Table 3a) . Incorporation of 6 t/ha of poultry manure combined with millet husks into soil produced significantly (P < 0.05) higher SMC (34.62%, 38.09% and 33.01% in 2013 SR, 2014 LR and 2014 SR respectively compared to poultry manure plus other crop residue treatments (Table 3b) . Combined application of 6 t/ha of cow manure with millet husks significantly (P < 0.05) produced higher SMC (34.06%), (49.73%) and (40.53%) in 2013 SR, 2014 LR and 2014 SR respectively compared with cow manure combined with other crop residues (Table 3c ). Soil moisture content was higher in plots treated with animal manure combined with crop residues than either crop residues or animal manure applied singly. While plots treated with crop residue treatments showed higher SMC than plots treated with animal manure treatments. Overall, poultry manure plus millet husks produced the highest SMC compared to all treatments. The crop residue treatments influenced SMC in the order; cowpea husks > millet husks > groundnut shells > sorghum husks.
Soil Bulk Density (SBD) as Influenced by Crop Residues, Animal Manures and Their Combinations
Incorporation of crop residues, animal manure combined with crop residues on the soil significantly (P < 0.05) reduced the SBD compared to the control across the seasons (Tables 3a, 3b , and 3c). Application of 6 t/ha of millet husks produced significantly (P < 0.05) lower SBD (1.48 g/cm 3 , 1.17 g/cm 3 and 1.37 g/cm 3 in 2013 SR, 2014 LR and 2014 SR respectively) compared with other crop residue treatments (Table 3a) . Plots treated with 6 t/ha of poultry manure produced significantly (P < 0.05) lower SBD (1.45 g/cm 3 ), (1.27 g/cm 3 ) and (1.36 g/cm 3 ) in 2013 SR, 2014 LR and 2014 SR respectively compared with other animal manure treatments and the control (Table 3a) . Plots amended with 6 t/ha of poultry manure combined with millet husks produced significantly (P < 0.05) lower SBD (1.43 g/cm 3 ), (1.25 g/cm 3 ) and (1.05 g/cm 3 ) in 2013 SR, 2014 LR and 2014 SR respectively compared with poultry manure combined with other crop residue treatments (Table 3b) . Plots amended with 6 t/ha of cow manure plus millet husks significantly (P < 0.05) produced the lowest SBD (1.32 g/cm 3 ), (1.22 g/cm 3 ) and (1.32 g/cm 3 ) in 2013 SR, 2014 LR and 2014 SR respectively compared with cow manure combined with other crop residue treatments (Table 3c ). Soil bulk density was lower in plots treated with animal manure plus crop residues than plots treated with either crop residues or animal manure alone. Plots amended with animal manure produced lower SBD than plots treated with crop residues. Crop residues influenced SBD in the order; millet husks > cowpea husks > sorghum husks > groundnut shells. Poultry manure combined with millet husks produced the lowest SBD compared to all treatments.
Water Use Efficiency (WUE) of Sesame as Influenced by Crop Residues, Animal Manures and Their Combinations
Among crop residues, only plots treated with 3 t/ha of millet husks produced significantly (P < 0.05) higher WUE of sesame (9.40 kg ha -1 mm -1 , and 7.61 kg ha -1 mm -1 in 2013 SR and 2014 SR respectively) compared to the control (Table 3a) . Application of animal manure did not significantly (P < 0.05) affect WUE of sesame across the seasons (Table 3a) . Plots amended with 3 t/ha of poultry manure combined with millet husks produced significantly (P < 0.05) higher WUE of sesame (9.92 kg ha -1 mm -1
) and (7.91 kg ha -1 mm -1 ) in 2013 SR and 2014 SR respectively compared to the control (Table 3b ). Whereas plots treated with poultry manure plus cowpea husks produced significantly (P < 0.05) higher WUE of sesame only in 2014 SR (Table 3b ). Cow manure combined with crop residues did not significantly (P < 0.05) affect WUE of sesame across seasons (Table 3c ). Note. PM = poultry manure, LR = long rains and SR = short rains. Note. CM = cow manure, G.nuts = groundnut, LR = long rains and SR = short rains.
Discussion
Soil Water Content (SMC), Soil Bulk Density (SBD) and Crop Water Use Efficiency (WUE) of Sesame as Influenced by Crop Residues, Animal Manure and Their Combinations
Significant increases in soil moisture content (SMC) and water use efficiency (WUE) of sesame coupled with a significant reduction in soil bulk density (SBD) in soils amended with crop residues and animal manure is attributable to organic matter added to the soil. Increase in organic matter content could have improved soil pore space formation and aggregate stability, which subsequently improved water infiltration causing increased soil water storage hence, increased SMC. Consequently, increase in pore space reduced SBD by reducing soil mass and increasing soil volume. High SMC coupled with low SBD could have enabled the sesame crop to access adequate moisture and nutrients resulting in increased WUE. (Ebaid et al., 2007; Sarwar et al., 2008; Yinguang et al., 2015) similarly found that incorporation of organic residues on soil, increased SMC and but reduced SBD. This was attributed to increased pore space formed due to increased organic matter content. The most significant increase and reduction of SMC and SBD respectively due to application of 6 t/ha of millet husks on soil compared to other crop residues across seasons, could be attributed to difference in organic matter and organic carbon contents in the different crop residues. Millet husks could have added large quantities of organic matter and soil carbon to the soil that may have improved soil physical conditions that caused an increase in SMC and reduction in SBD. Significantly high WUE of sesame due to application of 3 t/ha of millet husks compared with other crop residues could be attributable to difference in their nutrient and organic matter contents. It is most likely that 3 t/ha of millet husks added optimum quantities of organic matter and plant nutrients (N, P and K) in to soil compared to other crop residues. Consequently, this may have provided optimum SMC and SBD that improved sesame efficiency in extracting and using soil water and nutrients resulting in increased high WUE. This consistent with Mohandoss (2001) and Ebaid et al. (2007) similarly obtained increased sesame yields and WUE due to application of 3 t/ha and 9 t/ha of rice husks respectively. Both cases were attributed to high amounts of organic matter and major plant nutrients in rice husks that could have improved soil physical conditions and nutrient supply. The most significant increase and reduction of SMC and SBD respectively due to application of 6 t/ha of poultry manure could be attributed to difference in organic matter and organic carbon contents. Poultry manure applied at a higher rate (6 t/ha) could have added large quantities of organic matter and organic carbon into the soil compared to cow manure (Moral et al., 2005) and this could have been responsible for significantly increased SMC and reduced SBD due to poultry manure compared to cow manure (Ewulo et al., 2008; Agbede et al., 2008; Khalidl et al., 2014) Significant increase in SMC and reduction of SBD due to application of 6 t/ha of either poultry manure or cow manure combined with millet husks is most likely due to high content of organic matter in millet husks compared to other crop residues combined with either poultry manure or cow manure. Therefore application of either poultry manure or cow manure combined with millet husks at a higher rate (6 t/ha) could have added large amounts of organic matter to the soil that promoted pore space formation and subsequent reduction in SBD and increase in SMC. Quansah (2010) similarly reported that application of poultry manure in combination with household waste onto the soil significantly increased its moisture retention due to added organic matter into the soil. Liu et al. (2013) and Tilahun et al. (2013) similarly found that incorporation farm yard manure into soil significantly reduced SBD and yet at the same time significantly increased SMC due to large amounts of organic matter and organic carbon added on the soil.
The highest significant increase of WUE of sesame due to application of 3 t/ha of poultry manure plus millet husks and 6 t/ha of cow manure plus millet husks could be due to optimum amount of organic matter and nutrients (N, P and K) added to the soil by the two treatments compared with other combinations of animal manure with other crop residues. Consequently, soil physical conditions could have improved that ensured efficient extraction and use of moisture and nutrients by sesame resulting in its high WUE. Zhong et al. (2014) similarly found that increased application of organic residues with high nitrogen content on wheat significantly increased its WUE.
Crop residues influenced SMC in the order; millet husks > cowpea husks > groundnut shells > sorghum husks. Soil bulk density was influenced by crop residues in the order; millet husks > cowpea husks > sorghum husks > groundnut shells. Lastly, crop residues influenced WUE of sesame in the order; millet husks > sorghum husks > groundnut shells > cowpea husks. Millet husks were superior to other crop residues in influencing SBD, SMC and WUE of sesame. Consequently, millet husks demonstrated their potential for use by small scale sesame farmers and this supported by their abundance among sesame farmers. Overall, crop residues combined with animal manure were superior in affecting SMC, SBD and WUE of sesame compared to either animal manure alone or crop residues alone.
Conclusion
Soil moisture content and SBD were highest and lowest respectively at 6 t/ha of poultry manure combined with millet husks; while WUE of sesame was highest at 3 t/ha of poultry manure plus millet husks. Application of 3 t/ha of poultry manure plus millet husks appears to be the most ideal for increasing WUE of sesame and should therefore be recommended. This study has therefore demonstrated that poultry manure combined with millet husks has a potential to improve sesame growth and yields.
